In this paper we report on the antioxidant components and activities of the edible parts of Gnetum gnemon (young and mature leaves, seed skin and endosperm), as well as their ability to inhibit DNA damage. Since Gnetum gnemon is usually consumed daily as a boiled vegetable, we also measured the effect of boiling on the antioxidant components and activities. The mature leaves contain the greatest levels of antioxidant components, followed by the young leaves. Accordingly, the mature and young leaves possess the highest antioxidant component and DNA damage prevention activities. However, the endosperm also has significant activity in ORAC, peroxyl radical-scavenging activity and DNA damage prevention activity at higher concentrations. Boiling decreased the amount of antioxidant components as well as the antioxidant activities in all edible parts examined, except for the seed skin. The results presented here indicate that the edible parts of G. gnemon are a potential source of natural antioxidants and can be beneficial, consumed as a daily vegetable or processed into an extract for use as a food additive.
Introduction
A significant number of plant species possesses large amounts of bioactive compounds that are naturally important for their normal growth development and defense against infection and injury. Many of these compounds are flavonoids or other polyphenolic compounds with antioxidative properties. These have been shown to exhibit multiple beneficial effects in humans, such as protection against the development of cancer, and heart and degenerative diseases, which is why the consumption of the edible parts of plants rich in antioxidants is highly recommended (Sun, 1990; Di Carlo et al., 1999) . In the food industry, these compounds are increasingly attracting attention for their great potential in the inhibition of lipid oxidation, a process which can lead to the deterioration of food's nutritional and sensory qualities during processing and storage (Pegg and Shahidi, 2007; Halliwell, 1999) .
Gnetum gnemon (melinjo in Indonesian) belongs to the Gymnophyta, a group of tropical plants that are widely distributed in Southeast Asia and Melanesia (Manner and Elevitch, 2006) . Its leaves and seeds are commonly consumed boiled, particularly in Indonesia. The endosperm is also a raw material in the production of the regionally popular melinjo chips. The roots and seeds of G. gnemon have been reported to contain stilbenoids that, as shown by various radical scavenging activity assays (Wallace and Morris, 1978; Iliya et al., 2003a; Iliya et al., 2003b; Kato et al., 2009) , contribute to their high antioxidant activity. In addition, the seed extract also possesses antimicrobial activity as well as lipase and amylase inhibition activities (Kato et al., 2009) . The antimicrobial activity may be attributable to the stilbene oligo-leaves and whole seeds were boiled with purified water for 10 min, immediately removed from the water and dried at room temperature. The fresh and boiled whole seeds were then peeled to obtain the endosperm and seed skin. The samples were then immediately frozen using liquid nitrogen, freeze-dried for 48 h and kept at -20℃.
The freeze-dried samples were extracted with 90% methanol contained 5% acetic acid at 10℃ for 30 min and used as methanolic extracts. For the oxygen radical absorbance capacity (ORAC) assay, prior to analysis, the hydrophilic and lipophilic parts of the samples were separated accordingly. The sample was first extracted with hexane to obtain the lipophilic portion. The upper layer was collected and dried under nitrogen flow and dissolved in acetone. The sample was diluted with 7% RMCD solution in acetone/water (1:1, v/v). The defatted fraction (hexane insoluble) was then extracted with 90% methanol containing 5% acetic acid. The upper layer was collected and diluted with 75 mM phosphate buffer (pH 7.0) and used directly as the hydrophilic fraction.
Total phenolic content The total phenolic content was determined by the Folin-Ciocalteu method (Singleton et al., 1965) using the methanolic extract. Gallic acid was used as the standard. The absorbance values of the samples and standard were measured at 765 nm using a UV-2100 PC UV-VIS spectrophotometer (Shimadzu, Kyoto, Japan). Total phenolic content was calculated as µmol gallic acid equivalent per 100 g fresh or boiled weight.
Tocopherol content For the analysis of tocopherol content, samples were subjected to saponification using 60% potassium hydroxide containing 6% pyrogallol in methanol, incubated at 70℃ for 30 min and then extracted with 10% ethyl acetate in hexane. The tocopherol (α, β, γ, and δ) contents were determined according to the method of Ueda and Igarashi (1990) by HPLC coupled with a fluorescence detector. The HPLC system consists of a Cosmosil 5SL-11 column (4.6 × 250 mm, Nacalai Tesque Inc., Kyoto, Japan), an L-6000 pump and an F-1000 fluorescence detector (Hitachi, Tokyo, Japan). Excitation and emission wavelengths were set at 295 and 325 nm, respectively. The mobile phase was hexane/1,4-dioxane/2-propanol (98.5/1.0/0.5, by vol.) and the flow rate was set at 1.0 mL/min. 2,2,5,7,8-pentamethyl-6-chromanol (PMC) was used as an internal standard. The tocopherol content was expressed as mg of tocopherol per 100 g fresh or boiled weight.
Ascorbic acid content Ascorbic acid content was determined by HPLC as described previously (Kishida et al., 1992) . The samples were first extracted with a 5% metaphosphoric acid solution and incubated at 10℃ for 30 min. The extracts were filtered and directly used for analysis. HPLC analysis was carried out on a Cosmosil 5C18-AR-2 mers that are present in relatively abundant amounts in the seeds of the Gnetum family (Sakagami et al., 2007) . Despite the importance of G. gnemon for human consumption, there have been no reports on the distribution and activity of antioxidant components in the other edible parts of G. gnemon and their stability against heat treatment.
This study explores the distribution and activity of antioxidant components, as well as the DNA damage prevention activity, of the edible parts of G. gnemon (young and mature leaves, endosperm, and seed skin). The effect of heat treatment (boiling) on these properties was also examined. Heat treatment was limited to boiling, since boiling is the most widely used method to prepare the edible parts of G. gnemon for human consumption as a daily vegetable.
Materials and Methods
Sample and materials The fresh edible parts (leaves and seeds) of G. gnemon, planted in Java, Indonesia, were exported to Japan under low temperature by Hosoda SHC Co., Ltd. (Fukui, Japan) on July 2007 and kept at -20℃ until use. Leaves light green in appearance and less than or equal to 10 cm in blade length were classified as young leaves and those dark green in appearance and more than 10 cm in blade length were classified as mature leaves.
L-ascorbate standard, gallic acid standard, Folin-Ciocalteu reagent, buffer components, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,4-dinitrophenylhydrazine, 1,4-dioxane, sodium chloride, and DMSO were purchased from Nacalai Tesque (Kyoto, Japan). Acetic acid, 2,6-dichloroindophenol, 2,2′-azobis(2-amidinopropane) dihydrochloride (AAPH), 2′-deoxyguanosine, stannous chloride, pyrogallol, potassium hydroxide, flavone standard, disodium ethylene diamine-N,N,N′,N′-tetraacetic acid (EDTA·2Na), ferrous sulfate, hydrogen peroxide, metaphosphoric acid, trimethylamine, ethyl acetate, acetone, ethanol, HPLC grade-methanol, acetonitrile, hexane, 2-propanol and other analytical grade chemicals were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Vitamin E reference standards and 2,2,5,7,8-pentamethyl-6-chromanol (PMC) were purchased from Eisai (Tokyo, Japan). Fluorescein (sodium salt) and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) standard were purchased from Sigma-Aldrich (St. Louis, MO, USA). Randomly methylated β-cyclodextrin (RMCD) (Trappsol) was purchased from Cyclodextrin Technologies Development Inc. (High Springs, FL, USA). The gnemonoside D standard was provided by Hosoda SHC Co., Ltd. The water used for HPLC was purified with Milli-Q Labo equipment (Millipore Japan, Tokyo, Japan).
Sample preparation All samples were defrosted for 1 h at 10℃, washed with water and drained. The young, mature of 485 nm and an emission wavelength of 520 nm from the bottom of the plate and programmed to read every min for 60 min at 37℃. Plates were shaken for 8 s following each reading. The ORAC values were calculated based on a regression equation between Trolox concentration and the net area under the fluorescence decay curve and were expressed as µmol Trolox equivalent per 100 g fresh or boiled weight.
Peroxyl radical-scavenging activity The peroxyl radical-scavenging activity assay was performed using the 2'-deoxyguanosine oxidation prevention method described by Sakakibara et al. (2002) . The methanolic extracts were dried under nitrogen flow and then dissolved with DMSO. The analysis was performed with a Capcell pak C18 UG120 column (4.6 × 250 mm, Shiseido, Tokyo, Japan), a Shimadzu SPD-10AV UV-VIS detector set at 254 nm and a Hitachi L-6200 pump. The mobile phase was 20 mM potassium phosphate buffer (pH 4.5) containing 6.5% methanol with the addition of 0.1 M EDTA·2Na at a flow rate 1 mL/min. Trolox in DMSO was used as a standard to make a standard curve. The data were expressed as µmol Trolox equivalent per 100 g fresh or boiled weight.
DNA damage prevention activity DNA damage prevention activity was measured according to a previously described method (Luo et al., 1994) with several modifications. Plasmid pBlueScript II SK(+) was propagated in E. coli JM 109 and purified using a Wizard DNA purification kit (Promega, Madison, MI, USA). DNA (0.7 µg) was incubated in 50 mM phosphate buffer (pH 7.4) with various concentrations of the methanolic extracts or Trolox as a standard. The extracts and Trolox were diluted with 90% methanol containing 5% acetic acid. Freshly prepared FeSO 4 and H 2 O 2 solutions were added at final concentrations of 50 µM and 6.25 mM, respectively. The reaction mixture (20 µL) was incubated at 37℃ for 1 h in the dark. After incubation, 2 µL of 10 × agarose loading buffer (Takara, Kyoto, Japan) was added and the mixture was subjected to 1% agarose gel electrophoresis for 1 h at 100 V. The gel was unloaded, stained with 1 µg/mL ethidium bromide for 5 min and destained with 0.5x TAE buffer for 20 min. The bands were visualized under UV light, and the gel was photographed using Printgraph (Atto Bioinstrument, Tokyo, Japan). The images were scanned and analyzed using Scion Image (Scion Corporation, Frederick, MD, USA). Calculation of the amount of nicked (damaged) and supercoiled (undamaged) DNA were adjusted accordingly. The data were presented as percentage of undamaged (supercoiled) DNA according to the following equation: The percentage of undamaged DNA was plotted against column (4.6 × 250 mm, Nacalai Tesque, Kyoto, Japan) with a Shimadzu SPD-10AV UV-VIS detector set at 505 nm, a Shimadzu LC-10ADVP pump and a Rheodyne injector fitted with a 20-µL loop. The mobile phase was acetonitrile/water (50/50, v/v) with 0.1% trimethylamine, adjusted to pH 3.5 with phosphoric acid, at a flow rate of 1 mL/min. The data were expressed as mg ascorbic acid per 100 g fresh or boiled weight.
Total polyphenol and gnemonoside derivatives Total polyphenol and gnemonoside derivatives were measured according to the method of Sakakibara et al. (2003) . The methanolic extracts were dried under nitrogen flow and dissolved in DMSO. The DMSO extracts were injected into an HPLC (Hitachi HPLC series D-7000) equipped with chromatography data station software, autosampler (D-7200), column oven (D-7300), and diode array detection system (D-7450) to monitor the absorbance at all wavelengths from 200-600 nm. A Capcell pak C18 UG120 (250 × 4.6 mm i.d., S-5, 5 μm, Shiseido Co., Ltd., Tokyo, Japan), joined with a guard column (10 × 40 mm i.d.) was used at 35℃. Gradient elution was performed with solution A, composed of 50 mM sodium phosphate (pH 3.3) and 10% methanol, and solution B, comprising 70% methanol, delivered at a flow rate of 1.0 mL/min as follows: initially 100% of solution A; next 15 min, 70% A; next 30 min, 65% A; next 20 min, 60% A; next 5 min, 50% A; and finally 0% A for 25 min. The injection volume for the extract was 10 μL. Flavone was used as an internal standard. The gnemonoside derivatives were identified by comparing the spectra of the peaks with the spectrum of gnemonoside D standard. The amount of gnemonoside derivatives was calculated based on the peak area at λ maxima of 280 nm and was expressed as µmol gnemonoside D equivalent per 100 g fresh or boiled weight. Total polyphenol was expressed as total peak area at 280 nm (λ max ) per g fresh or boiled weight.
DPPH radical-scavenging activity The methanolic extracts were used for the measurement of DPPH radical-scavenging activity as previously described by Blois (1958) . The absorbance of reaction was measured by a UV-2100PC UV-VIS spectrophotometer (Shimadzu, Kyoto, Japan) at 517 nm after incubation for 20 min at room temperature in the dark. The DPPH radical-scavenging activity was calculated from the difference in absorbance between blank and samples with Trolox as a standard. The DPPH radical-scavenging activity was expressed as μmol Trolox equivalent per 100 g fresh or boiled weight.
ORAC assay All extracts were evaluated for their ORAC value according to the lipophilic and hydrophilic ORAC methods of Prior et al. (2003) , respectively. The fluorescence microplate reader Gemini XPS (Molecular Devices, Sunnyvale, CA, USA) was set with an excitation wavelength (Sakakibara et al., 2003) . The result shows that the greatest amount of total polyphenol was found in the young leaf, followed by endosperm or mature leaf (not significant), and seed skin (Fig. 1B) . The greatest amount of gnemonoside, one of the main stilbenoids of G. gnemon, was found in the endosperm. Young and mature leaves contain much smaller amounts of gnemonoside than the endosperm, and the seed skin does not contain any (Fig. 1C) . As shown in Fig. 2 , the main polyphenol compounds present in young and mature leaves (peak A) are not gnemonoside derivatives (peaks B and C) and have yet to be identified. The mature leaf contained the greatest amount of ascorbic acid, followed by young leaf, seed skin and endosperm (Fig. 1D) . The differences in total ascorbic acid are significant among the samples (p < 0.05).
Boiling significantly decreased the total phenolic and polyphenol contents in all samples except the seed skin ( Fig.  1A and 1B ). There was a 37.2, 25.3 and 22.8% decrease in the total phenolic content of young leaf, mature leaf and endosperm, respectively, and a 28.1, 14.4 and 26.2% decrease in the total polyphenol content of the corresponding samples. The amount of gnemonoside also decreased in the boiled young leaf and endosperm, but did not significantly decreased in the boiled mature leaf, when compared with that of the unprocessed samples (Fig. 1C ). Total gnemonoside decreased by 36.1, 15.9 and 20.6% in the young leaf, mature leaf and endosperm, respectively. Boiling also decreased the total ascorbic acid in young and mature leaves, while that of the concentrations of extracts or Trolox using SigmaPlot (Systat Software, Inc., San Jose, CA, USA). IC 50 was determined by fitting the plots to a hyperbolic regression curve using the following equation:
The IC 50 values were expressed as ng fresh or boiled weight per mL reaction solution.
Statistical analysis All values are presented as the means of triplicate analyses. Data analysis was performed using Microsoft Excel. Two-sample t-test was used to calculate statistical significance. The values are reported as means ± SD in all the results tables and graphs unless otherwise specified. A p value < 0.05 is considered as significant.
Results
Antioxidant components The amounts of antioxidant components (total phenolic content, ascorbic acid, gnemonoside, and total polyphenol) in the edible parts of G. gnemon are shown in Fig. 1 . The greatest total phenolic content was found in the mature leaf, followed by young leaf, endosperm and seed skin (Fig. 1A) . The differences in total phenolic content among samples are significant (p < 0.05), except between the young leaf and endosperm. Because the presence of various molecules, such as proteins and peptides, often interfere with the measurement of total phenolic content using the Folin-Ciocalteu method, we also measured total polyphenol content using a polyphenol-specific HPLC measurement tivities of the samples were measured using three methods, DPPH radical-scavenging activity, hydrophilic ORAC and peroxyl radical-scavenging activity. As shown in Fig. 3A-B , the greatest DPPH radical-scavenging activity and hydrophilic ORAC values were found in young and mature leaves (no significant difference), followed by endosperm and seed skin. The young and mature leaves and endosperm have similar peroxyl radical-scavenging activity and their values are greater than that of seed skin (Fig. 3C) . In contrast, the lipophilic ORAC value was found to be greatest in the mature leaf and endosperm, followed by young leaf and seed skin (Fig. 3D) . The lipophilic ORAC value is much lower than the hydrophilic ORAC for all samples, suggesting that the antioxidant components in the edible parts of G. gnemon are seed skin and endosperm was not significantly affected (Fig.  1D) .
The tocopherol contents of the edible parts of G. gnemon are shown in Table 1 . The most abundant tocopherol isomer present in the young and mature leaves is α-tocopherol, followed by β-, δ-and γ-tocopherol. Mature leaf contains much greater α-, β-and γ-tocopherol levels than young leaf. The seed skin contains γ-tocopherol as the most abundant tocopherol isomer, followed by β-, γ-and α-tocopherols. The endosperm contains much less tocopherol than the other edible parts, with the most abundant isomer being β-tocopherol. Boiling did not affect the tocopherol content significantly (p > 0.05 for all data presented).
Antioxidant activity The hydrophilic antioxidant ac- leaf, but is significant in the mature leaf and endosperm. The lipophilic ORAC value of the endosperm decreased most dramatically, by 60%, while that of mature leaf decreased by 20.5%. DNA damage prevention activity In this experiment, we measured the capacity of the G. gnemon extracts to inhibit Fenton reaction-mediated DNA damage. Fenton reaction between transition metal ions, such as iron and copper, with H 2 O 2 produces hydroxyl radicals that can attack both sugar and base moieties, leading to sugar fragmentation, strand scission and base adducts (Park and Imlay, 2003) . The DNA damage prevention activity of G. gnemon methanolic extracts was analyzed using several concentrations of the extract and a typical result is shown in Fig. 5 . All of the examined samples show a significant capacity to prevent DNA damage. The calculated IC 50 values show that, for the unprocessed samples, the activity is highest for the young leaf, followed by mature leaf, endosperm and seed skin ( Table 2) . The boiled samples have higher IC 50 values compared to the unprocessed ones, except for the seed skin. The IC 50 values of young and mature leaves after boiling increased to 2.1 and 2.5 times compared with those of the unprocessed samples. The endosperm exhibited the most significant increase in IC 50 value, to 4.2 times. For comparison, Trolox was used as a standard. The IC 50 of Trolox was determined to be 2.66 mM.
Discussion
Here we report the distribution and activity of the anti-mostly water-soluble. Boiling caused a decrease in the antioxidant activities of all samples except the seed skin (Fig. 3A-D) . This result is in accordance with the effect of boiling on the amount of antioxidant components (Fig. 1) . In the seed skin, its hydrophilic antioxidant activities (DPPH radical-scavenging activity, hydrophilic ORAC and peroxyl radical-scavenging activity) increased dramatically upon boiling such that they are not significantly different from those of endosperm ( Fig. 3A-C , light gray bars). In fact, the peroxyl radical-scavenging activity value of every sample is not significantly different from each other (Fig. 3C) .
The relative decreases in hydrophilic antioxidant activities upon boiling are similar among young and mature leaves ( Fig. 3A-C) . The % decreases in DPPH radical-scavenging activity, hydrophilic ORAC, and peroxyl radical-scavenging activity between boiled and unprocessed samples are 38.7, 41.2 and 24.2% for young leaf, 27.5, 17.1 and 23.5 % for mature leaf, and 29.6, 21.9 and 15.4% for endosperm, respectively. These values correlate rather nicely with the decrease in total phenolic, polyphenol and gnemonoside contents, suggesting that the polyphenols, in particular those from the gnemonoside group and/or its derivatives, contribute significantly to the hydrophilic antioxidant activity of G. gnemon leaf and endosperm.
The lipophilic ORAC value of the young and mature leaves and endosperm was decreased following boiling, while that of seed skin increased slightly, although not significantly (Fig. 3D) . The decrease is not significant in the young antioxidant activity. The methanolic extracts were also effective in inhibiting the Fenton reaction-mediated DNA damage. Boiling decreased the amount and activity of the antioxidant components for all samples except the seed skin. It is likely that the extraction of antioxidant components from seed skin was more efficient in the boiled sample than that in the unprocessed sample, contributing to the increase in antioxidant activity. A similar result was also reported by Dewanto et al. (2002) , in which the antioxidant activity and lycopene content of tomato increased following thermal processing, most likely caused by the disruption of the cell wall matrix of tomato skin. It has been reported that the tomato skin contains the highest amount of lycopene compared with other parts (Sharma and Le Maguer, 1996) . It is likely that the same reason applies for the increase in hydrophilic antioxidant components and activities of G. gnemon seed skin, although there is a possibility of additional heat stable antioxidant components in the seed skin, the presence of which remains to be determined.
The young and mature leaves possess comparable hydrophilic antioxidant activities ( Fig. 3A-C) . They also possess comparable total phenolic content and total polyphenol ( Fig.  1A and B) . In contrast, the total ascorbic acid of the mature leaf is two times higher than the young leaf (Fig. 1D) . These data indicate that polyphenols contribute much more to the antioxidant activity of the leaf as compared to ascorbic acid.
The lipophilic ORAC values of the samples are much lower than the corresponding hydrophilic ORAC values ( Fig.  3B and D) , indicating that the edible parts of G. gnemon contain more hydrophilic antioxidants than lipophilic ones. It is also noted that the lipophilic ORAC value of the endosperm is relatively high and comparable with that of mature leaf (Fig. 1D) ; however, its tocopherol content is much lower ( Table 1) . The presence of other lipophilic antioxidants in the edible parts of G. gnemon may be possible, especially in the endosperm, since the high lipophilic ORAC value of the endosperm does not correlate with its low tocopherol content. The type and amount of lipophilic antioxidant in the endosperm is yet to be determined.
The consumption of G. gnemon seed skin as human food is not very common, although it does occur. The results shown here suggest that seed skin is a potential source of antioxidants, with comparable activities to those of the other edible parts of G. gnemon after boiling. We have also shown that the methanolic extract of G. gnemon unprocessed leaves and endosperm possesses a high potential to be used as a source of natural antioxidants. However, the methanolic leaf extracts have a strong green color, which may interfere their use as food additives. The endosperm extract, on the other hand, is clear and colorless and thus possesses the greatest oxidant components in the edible parts of G. gnemon (young and mature leaves, seed skin and endosperm) as well as the effects of boiling. We also examined the DNA damage prevention activity of the methanolic extract of each part. Our results show that all the edible parts we examined possess significant amounts of antioxidant components and levels of potential as a food additive rich in natural antioxidants. We have also performed a limited scission of the circular plasmid DNA strands, in which a low concentration of Fe 2+ will produce only a limited amount of hydroxyl radical that will cause a single nicking of the DNA, producing the linear or relaxed circular DNA. This type of experiment has been shown to represent DNA oxidative damage in vivo (Madhujith et al., 2004) , which not only resulted in nicked DNA but also in base modification and single or double strand breaks that can lead to cancer or other non-cancerous diseases (Cooke et al., 2003) . In the presence of the methanolic extracts, the DNA scission was inhibited in a concentration-dependent manner, showing that the extracts are highly beneficial for human health. It is noted that the cellular bioavailability of the antioxidant components of the extracts is not yet fully understood and will be an important issue to address in the future.
